Chromosome rearrangements are a well-known evolutionary feature in eukaryotic organisms 1 , 8 especially plants. The remarkable diversity of flowering plants (angiosperms) has been 9 attributed, in part, to the tremendous variation in their chromosome number 2 . This variation has 10 stimulated a blossoming number of speculations about the ancestral chromosome number of 11 angiosperms 2-7 , but estimates so far remain equivocal and relied on algebraic approaches lacking 12 an explicit phylogenetic framework. Here we used a probabilistic approach to model haploid 13 chromosome number (n) changes 8 along a phylogeny embracing more than 10 thousands taxa, 14 to reconstruct the ancestral chromosome number of the common ancestor of extant angiosperms 15 and the most recent common ancestor for single angiosperm families.
Introduction
those from previous literature are possibly due to the use of routine algebraic approaches, 80 instead of phylogenetic models, to infer chromosome number changes 28 . For example, the 81 inferred n of MRCAs of Brassicaceae, Lamiaceae, and Rosaceae are respectively 7, 8, and 7 in 82 our study, but were previously inferred as 12, 14, and 9, respectively 5 . Indeed, even in the 83 presence of a strong phylogenetic signal (e.g., closely related species sharing similar 84 chromosome numbers) 29, 30 , algebraic inferences of chromosome numbers become increasingly 85 difficult with increasing phylogenetic depth, as identical chromosome numbers will occur in 86 unrelated lineages 19 . The dataset analysed here is the most extensive ever used for inferring 87 ancestral haploid number in angiosperms, but it still poses challenges concerning incomplete 88 taxon sampling and phylogenetic resolution at the family level. 89 For both GBMB and GBOTB phylogenies, the best model considers up to six parameters (Table   90 3), i.e. chromosome gain, loss, duplication, demi-duplication rates and rates of gain and loss 91 linearly dependent on the current chromosome number. Our results support the conclusion that 92 genome duplication and dysploidy were critical events in the evolution of angiosperms. 93 Specifically, descending dysploidy, most likely through chromosome fusion, was the most 94 common cytogenetic mechanism of chromosome number change during the evolution of 95 flowering plants, and this is inferred both on branches leading to major clades and on terminal 96 branches (Supplementary Figs. 1-3). Our results emphasize the importance of dysploidy in the 97 evolution of chromosome numbers in angiosperms 9 . Interestingly, demi-duplication events, 98 associated with hybridisation between different ploidy levels and with allopolyploidization 99 processes, were also inferred in a significant number of events, albeit mainly in terminal 100 branches.
101
Whilst polyploidization is the second most frequent transition type, ancient polyploidy events 102 are underrepresented. The absence of polyploidization events at the base of the tree is in 103 agreement with the maintenance of the ancestral haploid chromosome number n = 7 inferred in 104 the deepest part of the phylogeny. Polyploidization events were instead inferred mainly toward the tips of the tree ( Supplementary Fig. 1,2 ,3), partially supporting previous evidence revealing 106 independent genome duplications near the base of several families 9,18,28 , leading to high haploid 107 chromosome numbers. Indeed, this may be the case of many families in the Magnoliid clade.
108
Our results provide no direct insight for a link among some of the most extensive plant 109 radiations and ancient polyploidization rounds 11 . However, our analyses do not contradict 110 evidence of WGD events at the origin of angiosperms or before it 14 , but rather highlight that 111 genome size may vary independently of chromosome number 7 . Inferring ancient polyploidy 112 events from cytological data is indeed a challenging task, because genome rearrangements 31 113 following polyploidisation gradually can hide signals of genome duplication over time 9 .
114
Phylogenomic analyses interpret gene duplications as the result of a shared duplication event 115 occurring in a common ancestor, while models of chromosome number evolution consider 116 WGDs as separately occurring in different lineages 31 .
117
The main results presented here were drawn using the largest dated mega-tree currently 118 available for seed plants. We explored the sensitivity of our results by conducting all analyses 119 again using a different ultrametric tree 26 , including a lower number of sampled taxa but allowing 120 to consider intraspecific chromosome number variation for each taxon. We found only minor 121 differences at the root (Tables 1,2) and at some internal nodes ( Fig. 1 ).
122
Reconstructing the ancestral chromosome number is difficult, because there are no suitable 123 outgroups for direct comparison 32 , and because extant early branching angiosperms (e.g.,
124
Amborella and Nymphaeales) are not necessarily holding plesiomorphic character-states. With 125 these limitations in mind, we made inferences based on the distribution of n in extant 126 angiosperms, and using probabilistic models accounting for various types of chromosome 127 number transitions. Our study is not able to address the origin of chromosome number of the 
183
The minimum chromosome number allowed in the analyses was set to 2, whereas the maximum 184 number was set to 5 units higher than the highest chromosome number found in the empirical 185 data. We removed all counts n > 43 from the analysis, because for many lineages the sampling 
